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Vinyl ester epoxy (VE) resinAbstract Unsaturated bisamic acids were prepared by reaction between maleic anhydride and dif-
ferent aromatic diamines. Unsaturated poly(ester-amide) resin (UPEAs) was prepared by reaction
of diglycidylether of bisphenol-A (DGEBA) with unsaturated bisamic acids. Acrylation of Unsat-
urated poly(ester-amide)s (UPEAs) was carried out to afford acrylated UPEAs resin (i.e.,
AUPEAs). Interacting blends of Acrylated unsaturated poly(ester-amide)s (AUPEAs) with vinyl
ester epoxy (VE) resin were prepared. APEAs and AUPEAs were characterized by elemental anal-
ysis, molecular weight determined by vapor pressure osmometer and by IR spectral study and by
thermogravimetry. The curing of interacting blends was monitored on differential scanning calo-
rimeter (DSC). Based on DSC data in situ glass reinforced composites of the resultant blends have
been prepared and characterized for mechanical, electrical and chemical properties. Unreinforced
blends were characterized thermo-gravimetrically (TGA).
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
The epoxy resins are used in a large number of ﬁelds, including
surface coatings, in adhesives, reinforced with carbon ﬁber(Shukla, 2006). The polyesters are most widely versatile materi-
als and have broad spectrumof characteristics andwide applica-
tions ranging from aerospace tomicro electronics. They are also
important as laminating resins, molding composites, ﬁbers,
ﬁlms, surface coating resins, ﬁber cushion (Khambete, 2007).
Polyamides material used in the form of ﬁbers as especially ther-
moplastics is of particular use in engineering applications. The
glass ﬁber reinforced nylon plastics are now of substantial
importance due to rigidity and creep resistance. Polyamides
are also used in ﬁber application, automotive industries, valve
covers, coatings (Ahmad et al., 2001).
Merging of all the four unsaturation, epoxy, ester and
amide segments into one polymer chain has not received
attention academically and technically. Merging of all three
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unsaturated polymer chains has been recently reported by
Indian scientists (Patel and Panchal, 2005a,b, 2009a,b).
Certain properties of thermoplastics may also be improved
via blending or addition to an unsaturated resin is another
possibility. In order to improve certain properties of such
reported polymers their blending with commercial vinyl
esters (epoxy resin) such as vinyl ester epoxy resin mayScheme 1 Synafford a commercially important material for wide industrial
applications (Atta et al., 2006; Varma, 1986). Hence the pres-
ent paper comprises interacting blending of reported unsatu-
rated poly (ester-amide) resin with vinyl ester (VE) resin.
Also, glass ﬁber reinforced composites of these blends have
been laminated and characterized by chemical, mechanical
and electrical properties. The whole work is shown in
Scheme 1.thesis steps.
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2.1. Materials
Commercially available epoxy resin, diglycidyl ether of bisphe-
nol-A and vinyl ester epoxy resin was obtained from local
market.
The speciﬁcations of diglycidyl ether of bisphenol-A
(DGEBA) are as follows:
1. Epoxy equivalent weight, 190.
2. Viscosity 40–100 poise at 25 C.
3. Density at 25 C, 1.16–1.17 g/cm.
The diamines used for the preparation of unsaturated poly
(ester-amide) resin are,
1. 4,40-Diamino diphenylbezamide.
2. 4,40-Diamino diphenylsulfonamide.
3. 3,30-Diamino diphenylsulfone.
Plain weave ﬁbers, in the form of E-glass woven fabric poly
(ester-amide) compatible 0.25 mm thick (Unnati Chemicals,
India) of a real weight 270 g m2 were used for composite fab-
rication. All other chemicals used were of pure grade.2.2. Synthesis of unsaturated bisamic acid
The unsaturated bisamic acid was prepared by a simple addi-
tion reaction of maleic anhydride and aromatic diamines.
These were prepared by using the method reported in the liter-
ature (Dave and Patel, 2011).
The general procedure for the synthesis of unsaturated bisa-
mic acid is as follows. To a well-stirred solution of maleicTable 1 Characterization of UPEAs (2a–c).
UPEAs Elemental analysis (wt%) calc./(found) N
re
%C %H %N %S
2a 65.03 5.15 5.28 – 1
(65.00) (5.03) (5.17)
2b 64.73 5.29 5.41 4.12 1
(64.67) (5.19) (5.33) (4.06)
2c 64.47 5.26 3.68 4.21 1
(64.38) (5.20) (3.56) (4.13)
Table 2 Characterizations of AUPEAs (4a–c).
AUPEAs Elemental analysis (wt%) calc./(found)
%C %H %N %S
3a 68.32 5.33 4.98 –
(68.20) (5.24) (4.89)
3b 64.45 5.14 4.80 3.65
(64.33) (5.03) (4.71) (3.58)
3c 65.58 5.11 3.25 3.72
(65.47) (5.01) (3.16) (3.65)anhydride (2.0 mol) in dry acetone, the solution of diamine
(1.0 mol) in dry acetone was gradually added at room temper-
ature within 30 min. After complete addition of the diamine,
the reaction mixture was further stirred for half an hour at
room temperature. The resulting unsaturated bisamic acid
was then ﬁltered, washed with dry acetone and air-dried.
Unsaturated bisamic acid was obtained in the form of free
ﬂowing powder. The reaction scheme for the synthesis of
unsaturated bisamic acid is shown in Scheme 1.2.3. Synthesis of unsaturated poly(ester-amide) and Acrylated
poly (ester-amide) resin
The unsaturated poly(ester-amide) resin (UPEAs) was pre-
pared by following the same method reported by the same pre-
vious authors, (Dave and Patel, 2011). The general procedure
is as follows:
Diglycidylether of Bisphenol-A (DGEBA) (1.0 mol) and
unsaturated bisamic acid (1.0 mol) were charged in three
necked ﬂask equipped with a mechanical stirrer. The unsatu-
rated bisamic acid was then treated with diglycidylether of
Bisphenol-A according to the method reported for the reaction
of epoxy resin and carboxylic group (Darke et al., 1982). To
this 8.0% of the total weight of above, triethylamine (TEA)
was added as a base catalyst. The reaction mixture was slowly
heated up to 85 C with continuous stirring till the acid value
fell below 60 mg KOH/gm. The resultant resin was then dis-
charged and called unsaturated poly (ester-amide) resins
(UPEAs) and their details are furnished in Table 1. Further
reaction of all these unsaturated poly (ester-amide) resin
(UPEAs) was carried out with acryloyl chloride (i.e., acryla-
tion) and the resultant products called acrylated unsaturated
poly (ester-amide)s (AUPEAs) and their details are furnished
in Table 2.o. of –OH group per
peating unit
Number average molecular weight
(Mn) ± 60
.90 4803
.90 4597
.92 4601
No. of –OH group per
repeating unit
Number average
molecular weight (Mn) ± 60
3.92 5080
3.93 5279
3.94 5197
Figure 2 DSC of 3b.
Figure 3 DSC of 3c.
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vinyl ester resin blends
When the acid value of acrylated unsaturated poly (ester-
amide)s fell below 55 mg KOH/gm, 0.05% of hydroquinone
was added as an inhibitor. The whole mixture was stirred well
for ten minutes maintaining the temperature at 85 C. Then
50% of AUPEAs and 50% of vinyl ester (VE) resin were added
and stirred well at 80 C for one hour. The resultant AUPEAs-
VE blends were obtained in the form of viscous syrup.
3. Analysis and thermal study
3.1. Elemental analysis
The C, H, and N contents of (UPEAs) and (AUPEAs) were
estimated by means of Thermoﬁnagan 1101 ﬂash elemental
analyzer (Italy). The IR spectra were recorded in Kerr pellets
on a Nicollet 760 D spectrometer. The number average weight
of (UPEAs) and (AUPEAs) was estimated by non-aqueous
conductometric titration followed by the method reported in
the literature (Patel and Patel, 1981). Pyridine was used as a
solvent and tetra-n-butyl ammonium hydroxide was used as
a titrant.
3.2. Thermal analysis
Curing of all AUPEAs-VE blends was carried out on a differ-
ential scanning calorimeter (DSC) by using benzoyl peroxide
as a catalyst. A universal V3 gTA DSC was used for this study.
The instrument was calibrated using standard indium metal
with the known heat of fusion (DH= 28.45 J/g). Curing was
carried out from 30 to 300 C at 10 C min1 heating rate.
The sample weight used for this investigation was in the range
of 4–5 mg along with an empty reference cell. The DSC graph
is shown in Figs. 1–3.
Unreinforced cured samples of AUPEAs-VE blends were
subjected to thermogravimetric analysis (TGA) on Du Pont
950 thermo gravimetric analyzer in air at a heating rate of
10 C min1. The sample weight used for this investigation
was in the range of 4–5 mg. TGA graph is shown in Figs. 4–6.
4. Composite fabrication
The composites were prepared by using E-type of glass ﬁber.
The glass ﬁber: AUPEAs-VE blend ratio is 60:40Figure 1 DSC of 3a.
Figure 4 TGA of 5a.(40%AUPEAs-VE blends). Suspensions of AUPEAs-VE
blends were prepared in tetrahydrofuran (THF). In the above
polymer suspension, 1% of ethylene dimethylacrylate (as a
cross linking agent) with 0.05% benzoyl peroxide (as an initi-
ator) were added and mixed well. The mixture was applied
with a brush to a 200 mm · 200 mm glass cloth and the solvent
was allowed to evaporate. The ten dried prepregs prepared in
this way were then stacked one on top of another and pressed
between steel plates coated with a ‘‘Teﬂon’’ ﬁlm release sheet
and compressed under 70 psi pressure. The prepreg stacks were
cured by heating it in an autoclave oven at around 160 C for
Figure 5 TGA of 5b.
Figure 6 TGA of 5c.
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50 C before the pressure was released.
4.1. Composite characterization
4.1.1. Chemical resistance test
The resistance against Chemicals of the composites was mea-
sured according to ASTM D 543. The results are furnished
in Table 3.
4.1.2. Mechanical and electrical testing
(1) The Flexural strength was measured according to
ASTM D 790.Table 3 Chemical, mechanical and electrical properties of composi
Composites % Change on exposure to 25%
(W/V) NaOH
Compressive strength
(MPa)
Thickness Weight
5a 0.88 1.18 408
5b 0.87 1.17 411
5c 0.91 1.21 421(2) The Compressive strength was measured according to
ASTM D 695.
(3) The Impact strength was measured according to ASTM
D 256.
(4) The Rockwell hardness was measured according to
ASTM D 785.
(5) The Electrical strength was measured according to
ASTM D 149.
All mechanical and electrical tests were performed using
three specimens and their average results are summarized in
Table 3.
5. Results and discussion
The C, H, N content of all the unsaturated poly (ester-amide)s
(UPEAs) and acrylated unsaturated poly (ester-amide)s
(AUPEAs) were estimated by means of Thermoﬁnagan 1101
Flash Elemental Analyzer (Italy). The values of C, H, N of
each of the unsaturated poly (ester-amide)s (UPEAs) and acry-
lated unsaturated poly (ester-amide)s (AUPEAs) were consis-
tent with their predicted structures and are furnished in
Tables 1 and 2. The number average molecular weight of both
unsaturated poly (ester-amide)s (UPEAs) and acrylated unsat-
urated poly (ester-amide)s (AUPEAs) were estimated by non-
aqueous conductometric titration method (Vogel, 1998a).
Their results are furnished in Tables 1 and 2, respectively.
The results indicate that the degree of polymerization of both
unsaturated poly(ester-amide)s (UPEAs) and acrylated unsat-
urated poly (ester-amide)s (AUPEAs) is about 6. The IR spec-
tra were consistent with the ones expected from the structures
of the UPEAs (2a–c) and AUPEAs (3a–c).
Numbers of hydroxyl group present per repeating unit in
unsaturated poly (ester-amide)s (UPEAs) were also analyzed
by employing acetylating method. Also, acrylated unsaturated
poly (ester-amide)s (AUPEAs) were characterized for the pres-
ence of double bonds per repeating unit employing mercury-
catalyzed bromate-bromide method (Vogel, 1998b). Satisfac-
tory results were found and the results are furnished in Tables
1 and 2, respectively.
The TGA data of all PEAIs, shown in Figs. 4–6, reveal that
aromatized and bulk PEAIs samples degrade in a single step.
Their decomposition starts around 290 C, depending on the
nature of the polymers. The rate of decomposition increases
by increasing the temperature and it is the fastest between
400 C and 550 C. It was observed that the weight loss is com-
pleted beyond 760 C.tes based on AUPEAs-VE blends.
Impact strength
(MPa)
Rockwell hardness
(R)
Electrical strength (in air)
(kV/mm)
421 108 20.20
416 109 20.40
432 111 21.35
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a differential scanning calorimeter (DSC) by using benzoyl
peroxide as a catalyst. The unreinforced cured samples of
AUPEAs-VE blends were also analyzed by thermo gravimetric
analysis (TGA). The result reveals that the cured sample starts
their degradation at about 150 C and their initial weight is
about 2%. This small weight loss may be due to either insufﬁ-
cient curing of components used or due to the catalyst used. A
weight loss of about 9–10% is found at 300 C. However, the
rate of decomposition increases very rapidly between 300 C to
450 C and the products are lost completely beyond 750 C.
The results show that composites have good chemical resis-
tant property, good mechanical and electrical strength. The
results of these novel unsaturated polyester resins suggest that
these resins can be competitors to commercial unsaturated
polyester resins.
6. Conclusions
The overall advantages of the produced PEAIs formation are
as follows:
 The intermolecular reaction with bismaleimides formed
UPEAIs with good chemical resistivity and moderate ther-
mal stability. The glass ﬁber-reinforced composites of all the PEAIs have
been laminated and showed excellent resistance properties
against chemicals and good mechanical and electrical
properties.
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